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& RECROO"CDEED PRACTICE- E=- Issued 2-1-47 
SOCIETY OF AUTOMOTIVE ENGINEERS, Inc. 485 Lexington Ave., New York, N.Y. 10017 Revised 1-31 -68 

DETERMINATION OF HYDRAULIC PRESSURE DROP 

1. PURPOSE 
This ARP is intended to serve as an instrument to 

determine hydraulic pressure drop, utilizing the best 
known practices for accessories in the hydraulic, fuel, 
oil, and coolant systems to aerospace vehicles. 

2. GENERAL 
A fluid flowing through a tube meets a certain 

amount of resistance due to kinetic and viscous effects. 
The pressure required to overcome this resistance and to 
maintain a certain flow rate is known as "pressure drop" 
or "back pressure. " Where the flow of hydraulic fluid is 
maintained at a certain rate through a horizontal length 
of tube, discharging to atmosphere, the pressure gage at 
the rear or upstream end of the tube would show the pres- 
sure required to overcome friction and maintain the rate 
of flow. This pressure is known as the "back pressure" 
or the drop in pressure due to friction for that length of 
tube at a certain flow rate. The flow rate is usually 
expressed in gallons per minute or gpm. The pressure 
drop is expressed in pounds per square inch or psi a t  a 
certain gpm flow; for example, the pressure drop is 50 
psi at 3 gpm. 

The approximate pressure drop can be determined 
by applying a fixed flow to a valve inlet port, with pres- 
sure gage attached, the outlet port open, and determin- 
ing the time to f i l l  a container of known capacity. The 
gage reading would then be the approximate pressure 
drop at  that rate of flow. A piece of tubing, hose, or 
fitting could be tested for pressure drop in this manner. 

A l l  parts of a hydraulic system through which flow 
is maintained w i l l  have a certain pressure drop, includ- 
ing tubing, fittings, valves, etc. When using a hydraulic 
test stand, the pressure drop through a valve is measured 
by placing it in a line between the pump and the flow 
meter, with a pressure gage at  each end of the valve. 
While  reading the gages on the valve, the required flow 
must be stabilized through the valve and flow meter. 
The difference in readings of the two gages is the ap- 
proximate pressure drop for the flow shown on the flow 
meter. 

If more accurate results must be obtained, special 
pressure Pick-ups must be used and they must be placed 
a sufficient distance from any flow disturbance. See 
typical test Set-up shown in Figs. 1 and 2. 

Example - The following example is for a 4-way 
pilot operated solenoid valve. The same Set-up and 
procedure, with modifications, can be used to  obtain 
the pressure drop of any unit. 

Test Set-up - Make test Set-up as shown in Fig. 1. 
Use an accurately calibrated pressure gage with sufficient 
resolution to secure accurate readings. The use of a dif- 
ferential pressure gage (or transducer) eliminates accumu- 
lative error between several instruments and gives more 
accurate results. Use piezometers for pressure pick-up 
connections; a standard tee  may give results considerably 
in error. Install piezometers a t  least 4 times the tube 
inside diameter upstream and at least 1 0  times tube 
inside diameter downstream from any other connection, 
using straight rigid lines. 

Fig. 2 shows the Set-up to determine the "tare" 
pressure drop, which is the drop due to fittings and con- 
necting tubing in the circuit. The gross pressure less the 
tare is the net pressure drop of the specimen or sample. 
The jumper line must be included in circuit during all  
pressure drop determinations. 

3. EQUIPMENT 

The equipment for pressure drop testing should be so 
constructed that continuous controlled operation can be 
maintained throughout the test period. 

controlling temperature variations, The fluid tempera - 
tures during pressure drop runs should be held such that 
the viscosity matches that of the intended service. 

Baffles or other devices to remove turbulence and 
entrained air at the pump section should be provided. 
Evidence that there is no entrained air should be 
observed at  a transparent tube section in the supply line 
downstream of both the low pressure tap and the test 
specimen, or in the transparent flow meter, if  such is 
used. 

to  the tank as possible to minimize suction losses, and to 
preclude the possibility of sucking air into the line. The 
speed of the pump should not be exceptionally high. It 
is  better to use industrial pumps of low rotational speed 
than aircraft pumps of much higher speeds. Flow varia- 
tion may be obtained either by throttling the pump out- 
let and diverting excessive flow or by using a variable 
flow control directly on the pump. 

ripple, the output must be filtered. 

3.1 T Z  - The tank should contain some means for 

3.2 Pump - The pump should be mounted as close - 

NOTE: Since low speed pumps give higher pressure 

'See "ASME Power Test Codes, 1959 Supplement 
on Instruments & Apparatus, Part 2 - Pressure Measure- 
ments" paragraph 20-31. 

Copyright 1968 by Society of Automotive Engineers, Inc.' Printed in U.S.A. 
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. 3.3 Flowmeter - Equipment for flow measurement 
should give accurate and reproducible results: therefore, 

. they must be calibrated periodically by weighing fluid 
that flows through the instrument in a specific time 
period or by some other means. 

3.4 Pressure Taps - Pressure tap fittings, Fig. 6, or 
piezometer type tubes, Fig. 7, should be used to  meas- 
ure pressure drop, Tee fittings are considered undesir- 
able, All driliings and flow passages should be smooth 
with clean intersections. Piezometer type tubes, Fig. 7, 
are preferred over the pressure tap fittings, Fig. 6. 

3.5 Pressure Differential Measurement - The means 
of measuring pressure differential between piezometer 
taps may vary with the pressure, fluid, and accuracy 
required. Accurate gages, strain gage transducers, 
mercury manometers, and air-test fluid manometers all  
have application. The best means for measuring pres- 
sure differentials is the use of a single gage, where the 
high and low pressure taps are such as to  create a differ- 
ential reading. This arrangement reduces gage errors to 
a minimum and also allows the use of a low range pres- 
sure gage having graduations which permit more accurate 
readings, Air fluid columns are usually the most accu- 
rate, but the columns become unmanageable at higher 
pressures. Valves and other means should be provided 
to allow thorough and positive venting of the manometer 
connections to  eliminate trapped air. 

3.6 Test Fluid - Accessories should generally be 
tested on the fluid with which they w i l l  be used. In 
cases where this is not practical because of safety, 
facility, availability, etc, ,  one should attempt to select 
a test fluid which matches the service fluid in viscosity 
and density (as applicable) as closely as possible to re- . 
duce the correction magnitude, Fluid temperature must 
be measured and recorded at  the time pressure is re- 
corded. Viscosity must be periodically checked to 
determine the datum point, 

2Empirical calibrations of turbine and float flow 
meters are not considered satisfactory when data accu- 
racy better than 5% is required, Test temperature should 
be that required to match fluid property (densityhis- 
cosity), *to which meter is sensitive, to  that a t  which 
calibrated, 'Where this cannot be accomplished or is not 
desirable, corrections must be applied for changed fluid 
property (densfty/viscosity). 

3The slug is the gravitational unit of mass (lb-sece/ft), 
It is defined as the mass which will receive an acceleration 

8 .  THEORY 

4.1 Nomenclature 

V = Speed . . , . . 
Q = Volumetric flow 
W = Weight flow 
H = Pressure head loss 
P = Pressure loss 
L = Length of pipe 
D 

passage 
A = Area of passage 
p = Fluid density 
s = Specific gravity4 

of fluid 
p = Absolute viscosity 
v = Kinematic viscosity 
g = Gravitational constant 
NR = Reynolds number 
Ø = Energy loss coefficient 
f = Friction loss 

S = Dimensionless factor 
T = Dimensionless factor 

= Diameter of pipe or 

coefficient 

ft/sec 
US gai/min 
lb/sec 
ft 
Psi 
ft 

in. 
in. 2 
Slugs/cu ft3 

(dime.mionless) 
lb-sec/ft2 ' 
@/sec 
32.2 ft/sec2 
(dimensionless) 

Darcy (dimensionless) 

4.2 Fundamental Information - Several factors 
affect energy losses. Such factors are: type of flow, 
viscosity of fluid, surface roughness, sudden flow pas- 
sage area and direction changes through fittings and tube 
bends, etc, 

This energy loss is dissipated in the form of heat 
and, for a good first estimate, when the flow is turbu- 
lent, can be taken as being proportional to the fluid 
velocity squared, 

head: 
It is convenient to express this in terms of velocity 

where: $I is a coefficient of energy loss whose magni- 
tude varies considerably for different types of flow im- 
peders and, in general, is a function of the nature of flow, 

The flow velocity is usually of little practical inter- 
est and is most conveniently interpreted in terms of flow 
rate, using either volumetric or weight measure, Also 
measuring pressure in psi, and for a circular passageway 
of diameter D, equation (1) can be written: 

For volumetric measure: 

O. 00112 sQ2 

D4 
pturb = @ 

of 1 fps when acted upon by an unbalanced force of 1 pound, 

being flowed to that of an equal volume of water at 4 C. 
Use of data based on water at 60 F introduces an error of 
approximately O. i"/. 

For weight measure: 

P A )  
O. 05809 W2 

sD4 

$Ratio of weight of volume of fluid at the temperature 
Pturb = @ 
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Equations (2) and (2A) can be used for non-circular 

passageways, provided D is an equivalent diameter com- 
puted from the equation: 

D = 1.128 d Ã  (3) 

where: A is the area of the passageway. 

inertial to viscous forces in the stream of fluid. 
ratio is known as Reynolds number, NR, and is a dimen- 
sionless factor given by: 

The nature of flow is dependent upon the ratio of 
This 

The coefficient "f" for turbulent flow, from experi- 
mental work by Blasius, can be expressed by: 

O. 316 
fturb = .,0.25 

NR 

By substituting flow rate and pressure in place of V 
and H in equation (71, then combining with equations 
(9) and (10). the following expressions can be found: 

For laminar -flow, and using volumetric measure 
(gpm): 

or 
VD NR =- 
U 

(4) 

(5) 

For laminar flow, where the viscous forces are pre- 
dominant, the ratio NR is small. In a turbulent flow the 
inertial forces predominate and therefore the value of 
NR is large. 

Substituting rate of flow in place of V in equation(4): 
For volumetric measure: 

O. 0660 sQ 
NR = 

PD 

For weight measure: 

Most of the flow encountered in aircraft installations 
is turbulent. In general, for straight tubing, laminar 
flow is predominant for values of NR below about 1400, 
and becomes fully turbulent above about 3600 (see Fig. 
3). When the flow is disturbed by the presence of bends 
and fittings a turbulent condition is found to prevail down 
to NR = 1000 or less. 

The value of q5, equations (2) and (2A), must be de- 
termined experimentally for hydraulic fittings and tube 
bends, etc., over a range of Reynolds numbers relevant 
to system requirements. 

For the special case of straight smooth tubing, much 
classical work has been done. Pressure head loss may be 
computed from the following equation, derived from the 
Darcy -'Weisbach law: 

(7) 

in  which the energy loss coefficient $, equation (l), is 
replaced by a coefficient of friction "f". 

@ = f -  i. e. (8) 
L 
D 

From the theory of laminar flow it  can be shown that: 

64 
fiam = - NR 

(9) 

For laminar-flow, and using weight measure (Ibísec): 

(11A) 
94.04 pLW 

sD4 
Piam = 

For turbulent flow, and using volumetric measure 
(gpm): 

(12) 
O. 008422 pos 25 so* 75 QI. 75 L 

pturb = D4. 75 

For turbulent flow, and using weight measure(lb/sec): 

O. 2662 po- 25 W1.75 L 
(12A) Pturb- = sD4.75 

It will be noted that English units of measure are speci- 
fied in the above equations. If metric units or a combi- 
nation of metric and English units are used (metric units 
are commonly used for fluid viscosity), then care should 
be taken to properly compensate for these changes. See 
Table I for table of systems of units and Table II for vis- 
cosity conversion factors. Since viscosities and density 
varies with applied pressure, pressure drops should be 
measured at hydraulic pressure levels encountered in the 
design environment. Caution should be exercised in use 
of the equations contained in this document to assure that 
the parameters are in the correct units. For example, in 
equation (4), D must be converted'from inches to feet to 
make the equation dimensionless. 

. 

5. CHART METHOD OF SOLUTION FOR STRAIGHT 
SMOOTH PIPES 

In order to simplify calculations, particularly in the 
turbulent flow region, the classical equations for flow in 
straight tubes can be written i n  terms of dimensionless 
factors S and T: 

p4)'l5 = N+(81r~f)1'~ (14) 
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From the right hand sides of equations (13) and (14), By using the left hand sides of equations (13) and 
S and T a re  plotted against "f" i n  Figs, 4 and 5. (14) in conjunction with Figs, 3, 4 and 5, either S, T. 

The left hand sides of equations (13) and (14) are NR or "f" can be found (depending which is most con- 
expressed in terms of five convenient elements of flow venient for a given problem) in  terms of the four known 
relationship: elements, Having computed the values of this factor, 

the factor containing the 5th, or unknown, element can 
be read from the relevant curve, From this, the unknown 
element of flow or pressure drop, etc., is then calculated. 

AP 
(1)~; (2)p: (3)D; ( 4 ) ~  i (5)Q 

Also Fig. 3 shows NR plotted against "f" , as derived 
from classical work. 

SYSTEM 

GRAVITA- 
TIONAL 
(Engine- 

ABSOLUTE ering) QUANTITY 

TABLE I 

SYSTEMS OF UNITS 

L Force 

Density 

Absolute 

Kinematic 
Viscosity 

M 

F 

P 

P 

u = p / p  

FTi2/L [slug 
(lb sec2 
ft)I 

ML/Ti2 [Poundal F (lb) 
(Ib ft/secz)] I 

M/L3 (Ib/ft3) 

M/LTi (lb/ft 

L2/Ti (fta/sec) 

sec) 

FTi2/L4 
[ slug/ft3 

ft4)1 
(lb sec2/ 

FTi/L2 (lb 
sec/ft2ì 

L2/Ti (ft2 
sec) 

PREPARED B Y  
THE FLUIDS PANEL OF SUBCOMMITTE A-6C, 

FLUID POWER DISTRIBUTION ELEMENTS, 
OF COMMITTEE A-6, AEROSPACE FLUID POWER & CONTROL TECHNOLOGIES 

I 
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TABLE II 

C ONVE RSI ON V I S  C OS I T  Y FA C T ORS 

Centipoise 

Multiply by 
appropriate entry 

to  obtain 

1. x102 I 1 I 1 . 0 1 9 7 ~ 1 0 - ~  I 1.4504~10'5 Poise 

gF sec cm-2 9 . 8 0 6 7 ~ 1 0 ~  9 . 8 0 6 7 ~ 1 0 ~  1 1 . 4 2 2 4 ~ 1 0 ' ~  

6.8947~106 6 . 8 9 4 7 ~ 1 0 ~  7 . 0 5 0 5 ~ 1 0 ~  1 ibF sec in-2 

ibF sec ft-2 

1bp hr inm2 

1 I 1 . 9 2 9 0 ~ 1 0 - ~  I 

1x102 1 1 . 0 1 9 7 ~ 1 0 ' ~  1 . 4 5 0 4 ~ 1 0 ' ~  

1 . 7 8 5 8 ~ 1 0 ~  1 . 7 8 5 8 ~ 1 0 ~  1 . 8 2 1 0 ~ 1 0 ' ~  2 . 5 9 0 1 ~ 1 0 - ~  

1 . 4 8 8 2 ~ 1 0 ~  1 . 4 8 8 2 ~ 1 0 ~  1 . 5 1 7 5 ~ 1 0 ' ~  2 . 1 5 8 5 ~ 1 0 ' ~  

4.9605 4 . 9 6 0 5 ~ 1 0 ' ~  5 .0582~10 '~  7 .1947~10 '~  

4 . 1 3 3 8 ~ 1 0 ' ~  4 . 1 3 3 8 ~ 1 0 ' ~  4 . 2 1 5 2 ~ 1 0 ' ~  5 . 9 9 5 7 ~ 1 0 ' ~  

3 . 1 0 8 3 ~ 1 0 - ~  5 . 9 9 5 8 ~ 1 0 - ~  

1 . 0 3 6 1 ~ 1 0 ' ~  1. 9985x10-lo 

8 . 6 3 3 9 ~ 1 0 ~ ~  1 . 6 6 5 5 ~ 1 0 - l ~  

slug hr'lft-' gMsec-lcrn'l 

7 . 5 1 8 8 ~ 1 0 - ~  1x10m2 

7.5188 1 

~ 

Multiply by appro- 
priate entry to obtain 

Centipoise 
k b  

Poise 

gF sec cm-2 5.6895~10'4 5.4916 2.3723~105 1 . 7 0 6 8 ~ 1 0 ' ~  

4. O O O O X ~ O - ~  3 . 8 6 0 9 ~ 1 0 ~  1 . 6 6 7 9 ~ 1 0 ~  1 . 2 0 0 0 ~ 1 0 ~  1bR sec in-2 
I I 

lbp sec ft-2 2 . 7 7 7 8 ~ 1 0 ' ~  I 2.6812 I 1 . 1 5 8 3 ~ 1 0 ~  I 8 . 3 3 3 5 ~ 1 0 ' ~  

lbfi hr in-2 

1 I 9 . 6 5 2 4 ~ 1 0 ~  I 4 . 1 6 9 8 ~ 1 0 ~  I 3 . 0 0 0 0 ~ 1 0 ~  ibF hr ft'2 

gM sec-1 cm-1 
t I 

1 . 0 3 6 0 ~ 1 0 ' ~  I 1 I 4 . 3 2 0 0 ~ 1 0 ~  I 3 . 1 0 8 1 ~ 1 0 ' ~  
I I 

From WADC T R  58-638 Vol I Part I 
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